Introduction
Malnutrition is common in surgical practice' and is a major factor in postoperative morbidity. function, assessed by hand-grip strength using a simple hand-grip dynamometer; and plasma albumin concentration, using a Vickers M300 autoanalyser and the bromcresol green method.
Arm muscle circumference was derived, after measuring the arm circumference and triceps skinfold thickness with Harpenden skinfold callipers, by the formula arm muscle circumference = arm circumference -(; x triceps skinfold thickness) and expressed as a percentage of the standard values. Forearm muscle circumference was measured similarly at the midpoint of the forearm and expressed as a percentage of normal control values, which had been obtained in a preliminary study. Grip strength was measured on the non-dominant arm with a simple hand-grip dynamometer. Three values were taken and the highest used, expressed as a percentage of control values (see below).
For the purpose of this study, a serious complication was defined as one that delayed the postoperative period in hospital by more than 14 days or resulted in death.
Control values for forearm muscle circumference and grip strength were obtained in 284 healthy patients (90 men, 194 women) admitted for minor operations or as day cases. The mean age of these patients was 491 years.
Statistical differences between means were compared by using Student's t test, and linear correlations between variables sought using standard methods. The significance of the incidence of postoperative complications was assessed for weight loss greater than 100/ ; serum albumin concentration less than 35 g/l; and weight, arm muscle circumference, forearm muscle circumference, and grip strength at successive fifth percentile points below the 10000 standard using the y5 test with Yates's correction.8 Regression analysis of these results (figure) was made by grouping the patients in batches of 10 according to grip strength. The group with the lowest grip strength had the highest incidence of complications (70%). There was an inverse linear relation between grip strength and complications.
As expected, the patients who had undergone cholecystectomy had a low incidence of serious complications (3%). When the 133 other patients were considered alone preoperative forearm muscle circumference and grip strength again proved to be the best prognostic variables. Out of 63 patients tested, 13 had a low forearm muscle circumference, of whom nine (69%) developed complications (p < 0-01); and 34 had a low grip strength, of whom 20 (59%) developed complications (p < 0 001).
Half of the patients with an albumin concentration below 35 g/l developed complications, but hypoalbuminaemia was found in only 10% of patients overall.
The seniority of the surgeon, the duration of the operation, and the clinical staging of malignant tumours had no statistical correlation with postoperative morbidity.
Discussion
Several factors cause complications in surgical patients, but malnutrition appears to be one of the most important.9 The possibility that operative morbidity and mortality may be reduced by preoperative detection of serious malnutrition, with subsequent correction by active nutritional support,10 offers an important therapeutic approach. Methods of detecting malnourished patients are not yet satisfactory2 but to be effective must be rapid, reproducible, and preferably inexpensive.
Measurements that largely reflect obesity such as weight loss and weight for height were less successful than estimates of skeletal protein and plasma albumin concentrations in detecting malnutrition. These findings confirm the importance of protein depletion rather than energy depletion in predisposing to postoperative morbidity. Loss of other intracellular components, such as vitamins and minerals, may also be important. We now define appreciable protein depletion as existing when arm or forearm muscle circumference is below 85% of the standard, grip strength is below 85% of normal, or plasma albumin concentration below 35 g/l.
Hypoalbuminaemia has been claimed accurately to reflect malnutrition,"1 and a low preoperative albumin concentration showed a high degree of significance in our patients. Compared with grip strength, however, it was relatively insensitive, detecting less than half the patients who later developed complications. Concentrations of other serum proteins such as retinol-binding protein may prove helpful but have yet to be fully evaluated.'1 Some workers have attempted to provide a prognostic nutritional index by using several tests.13 The complexity of the formula and its dependence on laboratory tests limit the usefulness of such an index.
Hand-grip dynamometry proved the most sensitive test in our studies. In addition, it fulfils many of the criteria for a useful test of preoperative malnutrition. Local defects such as paralysis, arthritis, and trauma obviously impair grip strength, but these are rare, occurring in less than 4% of patients tested. Grip strength was low in 48 (87%) of the 55 patients who developed complications; but of those patients who had gastric, pancreatic, or colonic operations (procedures previously characterised as conferring high risk5), 20 out of 21 with complications (95%) had a low grip strength. The 
In-vivo studies
We treated 66 patients (41 primigravidas, 25 multigravidas) requiring induction of labour for medical or obstetric reasons at 38-42 weeks' gestation. During the study period the dose of prostaglandin E2 incorporated in the pessary varied, depending on the formulation of the polymer and its in-vitro release profile. In most cases we used a pessary that in vitro released about 75% of its content over 12 hours; the incorporated dose of prostaglandin E2 was 10 mg for primigravidas and 5 mg for multigravidas. Some patients who presented early in the trial, when a formulation with a less satisfactory profile was used, received a larger dose (up to 20 mg in primigravidas).
Usually overnight and about 12 hours before induction was planned, the pessary was inserted in the vaginal vault after cervical assessment with a modified Bishop score.6 The patient remained recumbent for 15 minutes after insertion, and maternal pulse, blood pressure, uterine activity, and fetal heart rate were observed regularly for four to five hours and for longer if labour became established. Internal tocographic records showed that treatment provoked a pattern of frequent contractions (at one-to three-minute intervals) of low amplitude (less than 40 mm Hg) and causing little discomfort, starting after one to two hours: the contractions persisted for four to six hours and then either waned or were augmented as labour became established. The next day, if labour was not established, formal induction was performed by amniotomy followed if necessary by intravenous oxytocin. The pessary was removed when labour was established or at the time of amniotomy. The labour was managed by the duty delivery-suite staff.
Results
The establishment of labour after treatment depended on parity and was related to the initial cervical score ( 
